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im&m i ] 

T * ^7 h It 2 Oiil±c7)^-F7. h tLSHLI* ^ >f 7. ^7 - o 

[If ^JI 2 ] 

$kkl9Y<n4kmW,=f-^^M 1 0 a t m% WT\ Ml nm^<b 2 M m. ^20. 1 v-mfrh 
3m. rx^ntt20^ <b W ff.T*£>-5 c^lf^i"^ ft^I 2 ie«^^T- 7.^ 7 h 
tbS^fb^^ >f 7. ^7- Q 
[M^JI 3 ] 

[M^JI 4 ] 

im^m 5 ] 

^iftm -t 7.^ 7 h jrbstfbi*^ >r ^^-comm.nm. 
im^m 6 ] 

im&m 7 ] 



[mn%] mmm 

[^m^^fo] m-r 7 v btwatm^ a y^ii -ikv ^ ornate 

[ 0 0 0 1 ] 
[ 0 0 0 2 ] 

*) "ecorzdbiz itm>'\tn=f L m^fr^ytmmx-z> *) . nYwnmxm$^±mtx & ^-f . 
mi L mmM.uizmi L ftm\z^jLfrt?i±Lxteh^mw^izmmmxih%zh fr<&^x*>z 

siftsfT*^. c ti ^ fi^tt t ^ * it x — n — tk m -m. t t >i % ') t m ue 

fc^M* 3 0 0 t3f4fiT«&J&7k LTftt^ v 9 A V %t=t t £ L . 3 «b tc tK^ V^Mtu'I4 
#x + 3 0 0-4 0 0 tT'l7CLTWt^r^? hSf i: L. YK ^ X Z tl * ^ M + 2 0 
0-3 0 0°CT'SlfLLTlf:Kv^^v^ Mif tt§3^lcJ; 9#^*lT^§ 0 37 LT 
t#<^tl£ #+^ B B H liM^Jx)t^ftf&i: LTUS fctf>lc. it^g (r>F7^h) ^7n^ 

v 9 >f h 3KT%#* - t ttt**r SIlTio (iff Pi¥ 6 - 6 4 9 2 7 iff ffl 

¥7-2 4 2 4 2 5^i>ffi. iff PI ¥ 8 - 8 1 0 4 & 38 ) . 3ti£TMc#<btiTi>£TX^ 
7 h ttlt y — F e 2 0 3 ^ 7 2 0 (iff &H0 4 7 -2 5 9 5 ^-£38) . tf^v 7** 9 h fi^T 
1*16 o 7c (tfif 8-8 1 0 4 ^-£38) o 
[ 0 0 0 3 ] 

file fivWft^^-t J: 7 tc& 9 x SLUfa ^fiH^tt** i: * * . * tzdbQ£& h *7 a * H - 
% flj m L 7c ft * tf># & • SSI D a n f& § tl T 4? *) . ^fzMU t W5t ^ IC tl T „ 

ti^ > ^<^«^w*^ n a u^ @^^Lf;, rx^n it** 2 6 

0 mm &X2bZ> Y- V- A V i ^ ii - 7k V * <r> WM ** 3 tlTv^§ (iff W 2 0 0 1 
- 2 4 0 5 0 0 ^-£38) o 3 titt*S^fbm-i* i: £mU h^^tsMm^Bf\ t L fcS^vi 
tc£ 7. ^-^tU3ti-§ ^ t<7)T^lo , ). Z ZXU^.^ tlfzY-^f h f -f 7. ^7 - a x ftsi 

3t±<^ft!UR-?x ^fM^E±3*<7)^Jl. ^iJx.tf^ 'UF%15at%< (C o/F e ) < 3 5 
a t%<7>iEB#A,T*L£i^ ^lil^<7)^^IMjlT (=i^*^h. - v Y )i x 7 a a x ^ 7 > 

ai^^^-f 7 a ^ > m <r> mik& *y i * * - 1 l x it . *s & &m ^-r x ^ 7 bit^e. 

*lfllia^i:-5. b h h T *> -S C i: * L v^ 0 3tllci]DxT*ff m*f 7 7 ^ 
^•<?> J: 7 %%a^MM<7> ^>-f x ^7- Y ) * - - 7* IC Ji. <b *l 5 «fc 7 * . 

7 ^ t 'i mcD^m^mm. -£Tzr±z> ^mt l^sm^ j= 7 \z^z^H\z^^%m 

[ 0 0 0 4 ] 

fi ¥ . tfe^««t<^ ^ ic ttt -6 * *> x ^ - y x ^ ^ - 7) fij flg ^ n % . ^ wt 

LTli, #ijxti. T 5 >^fflv^T0i|X-t-g»^vS^4I^^ tlTv^o L^L^jb*^. 3 7)75 
^•ftp-t*fc«>k:. vr^Mf ( F e 3 0 4 ) . Mltm^ 9 A V & ^' 7} M f i « ^ W 



9 A V J IfM 4 4 -4 9 1, $fHg 5 P3-2 4 5 84 5^-&iK Ifif 3 - 2 8 5 8 
2 9?&1) . Zti h<?> mUli&ltf ftfof!^v£'tt^1r LTV^ -18 «tl 7c t 3 

*>**u**. civile liJEE7^a^**^-f -5 i: 7 X^***>S. t4'h*,SttI^ii!!(iif 
X'&Ztzib. $£mJf^<7>WiAj±tllc. «k o T a IS * *J ^UHL^t. L . flt « #J * * L < {& 

TV^ (iff 7 - 4 1 3 2 2-^&38) fc*. C 3 tc 4? u X 3 m m*itT* li . SkWt 

mm 4%*»50ram^M^. S t iSUt ic M LT v 5^ h ?> * « ft* B * K: ft 0 ftk«^tt<7> ft _h 
5I#>fti^H;b*£> ») . H & *) ?n &fl*<*>*foM%T t,^ 7 

h ifc^fS <*fc#>iciftiji£ttk:fflu ftt+tuift <b ftv-> t \> 7 Riafc** o fc. 

[iff fF^tSU ] iff H¥ 6 - 6 4 9 2 7 ^l>ffi 

[iff fF3C« 2 ] 2ff W¥ 7 -2 4 2 4 2 5 

[ifffF3C«3 ] iff^¥8-8 1 0 4 

[iff fF3C»4 ] iff i>ng 47-25959 ^i>ffi 

[iff ffJcM 5 ] iff n 2001-240500 ^i>ffi 

[iff fF3C» 6 ] iff 3 - 2 4 5 8 4 5 ^i>ffi 

[ iff fF 3C ifc 7 ] iff ^¥ 3 - 2 8 5 8 2 9 

[iff fF3C»8 ] iff ^¥ 7 - 4 1 3 2 2 ^1>SJ 

[#ifff«iS£ 1 ] «f|gW»1990^12^^ fltllttW 1 9 9 0 ^1 2^ |~3»H I S£«Xfig 
vr^MhJUM 4 4 - 4 9 M 
[f£Bfl<?>^] 

[%b^^-»v* l «k 7 t-tzmm] 

[ 0 0 0 5 ] 

^^hit^'frL. L^t. LTi^ fti^MftiKLI*'? -r x ^7 - ii . 3£ft 

[ 0 0 0 6 ] 

( 1) 7X^? hit 2 OJ-Uw^tx^? h it & ft I* *y 4 * * - o 

( 2 ) &JJifl*<*>&Jg/S^#1r3s 10atm%HT, ftllnmft^2^m, 1^0. 1m 
mi)^3m, t t. ^ 7 YVC2 0 <b W MX 3b Z> M ~r x ^ h It^fbl* ^ >f x ^7 - T- *> -g. . 

_hie ( 2 ) ict ^^^^^«js^<^#**** 1 0 a t %imt. t &mm=? 

*%B)lic J:§i77 s -;^ h lt&1k&:^ 4X^-U, MiVatc J: S >f h fg^uTl 

ffiltlcfp7fiIil'\^»JlfI§ * LfPffltc «k ») ^fbi*^ >f 7. tJbl^4% 3 tKt 



(6) ^mwrn^^^temm^n^mumiz. K-om^mm^m^ <k ^astt^fi 

® U @£ ^ l£ t+ £ C i: lc J; *9 x. *l £ 0 
[lEBflc^^] 
[ 0 0 0 7 ] 

[ 0 0 0 8 ] 

JilTk: *2Efl|<?> 1*3 § tc oi->TM#^l:lBHt§„ 

*f&BH<7>iHtl*^ 4 Officii* (g.g**c<?)«<7)^ i y-.ii- t LTli»»^5 nm^ 

^ ft#lc*v* 2 m m < 0 :5H+ ^ojSIJtSffi I* ^ M <?> 40 #9 ***U+*i 

ttl^'l Om, 1 0 0 m t ^ < <b X' & iiic L T 4% < § £ C t IZ 3b £ . L^LiMEl 
ffl flltt =f- f& U tt £ <r> H F$ m 3£ ic & . 4% $ *» -b > * > - F ^ > - F ^ ir - 7* - <o M 

i^u*-ai»LT, t 7 h it**— rff^s^^v^ ^ ic LTfijffl $ iizcox*. m 

£L < 1 m m fc> «b 1 OOf.miT^^T' + ^T'JjS. r 7^7.#-<7> : K£lillI2lc 

^-t J: 7 It m'ti&M?? MX'. I ^ t ^* Tl^ L f § C t I § „ O 4 * 

^-<7)a.SiiEI 1 . m 3 ic^i- «fc 7 #S8t&ir¥HT?ii.£*fcl^LT#<b*i5. ift&fc*o. 
4 m r * 7 >f F ^ ^ 7. # -JBJg 0 . 8 g /m 1 T^Eil L fcB$<7>-r 7. 7 h it t 

ff t <r>m&l£. 51- c$ H ±i 1 0 KO e tfift^l£T\ t x-^ 7 F it** 1 0 <r> ^coitU 
BI^JK 400 Oe, 7X^ntt2 OTino 0 Oe, 7X^nit30T'fil 100 
Oe> 7X^nit4 OT'fil 5 0 0 O e . 7X< n tt5 0 T'8 1 9 0 0 Oe.T 
* ^ 7 F it 6 0 2 3 0 0 O e x t * 7 h it 8 0 T?JR 3 . Ik O e , rx^ntt 
1 0 0 X m 3 . 5k O e . 7X<ntt2 0 0 T1H. 5 k O e . T- t. 7 F Ft 5 0 
OTin.O k O e . 7X<nit8 0 0, 1000. 1200. 2 0 4 OTii^lc^ 
M7J^8~9 k 0 e t $£1£i}*tRifr o fcfc*. ctitt^^t^Iil^iiA* 1 OkOefci 

% \zU%> z t **T- * fcffl^r^HSft^T lillT § § ^E<7>^ 5 a 3 > — h ;u **F1S 

T *> *) . z fi H _h <^> fell *9 t tt o T If ?1< b 7 4^ 5 3 m **M^ $ ti * . 
[ 0 0 0 9 ] 

*^BflT-m 7 i^fbl* i: li^ x ? >f h (FeO. F e 0 . 9 8 0 - F e 0 . 9 4 0 ) . ^^Ml C F e 2 0 3 
) . v^^vn C F e 2 0 3 ) . -7 9 4 h C F e 3 0 4 ) . ii * ir y XM^ 7* 9 A V (Fe 3 _ 
8 0 4 ) . ii * iry^m-? 7^ 9 A V ( F e 3 0 4 _ d ) . I*— mM<VfkX <r)ZL itlkit^m 

( F e x 0 y . *^ 

oo<x<3. o<y<4) & t^^-iif, jkuz z \zm^rz&— wtmit^fo^m^ ( 2 a 

IIU) #^vM^-^^ tft. /loiTitiil^F^Sftlfi^l 0 a tl^tj, It 

1 < a 8 a t % iii. t x mm®\z\$o . 5 a t°/oinL^#j4u^ *^v^ 8 mtmmin 

^coyfm.mW.=f-^: 1 0 a t %W±#t? . IS H 1*1 <^> ffi S <7> X F(S tc J; *9 . ^ 
H^iTt^lii)^: -So SlxlcSUS 3 0 4fi^), Jf A 1 mm^lx^ffluT , 04- 
( a ) ic^-tti^T. ±^*\*T*±f& L v 77^ 9 -i 4 7.^-^Tt*^^^. Hii^m 
^SItK«tk:^«$tiTv^s^W^»^**-tif^- ^ > - F ^<?)i^4^-^i[Ix 7 7 

M'J^^tH . itS**l*lC]ffiv^ 7 ft^ 9 <5D)fT ( ^ n ^>if>. u ^ >i V . —v*r 

'i x x ffi #& x — 7- * tr ) T* x 0 . 5at%TJj5. 
[0010] 

^> Id H <?) Thvi 14 x iE^ IbI^cT) v r ^ v >f F ( F e 2 O 3 ) <7) c ft [S] t * < x 

2 . 5 n m cfc S . ::icfev^T, d ti h cr> ffi & frh it £ ^ i x ^7 — <n jftg **/Jx ^ < & £ £: 



. 3bz m.%~&mz LTfa&m&Riizffimfri&T'tz z t **t>^o tz. z^mmiz & -,ti 

tJlT'f 7 nmiUWI 3 tl S . * <?> US ft II & * iff^v^n?^? 

- iz is u T bh h friz 3 ft T u £ W T ic ^ £ II 4 t Is] ti T* £ * n bh % it % £ T £ . 
i- ft *> ^ . ')?WL<r> Jlf Mat i: o T 5 ^ ^u^^7. ? - li [& S 5 OnmgS^ 
A§ $ left -5 t . ^ H B H ^ffllC^^^^^*n^n/ijS^^SlJ^^^ H ^^#^iS^iClC^ LT 
if/jni-£ d i: iz «k ») ^F^^lc ft 9 . iITlB]±<^*D nTj 3b*H < ft £ <> ^ ^ x # - <?> Jc 7 ft - 

/TvTU ftlT tt _LI5^$jH^\ -/^TUlCilft S^n-lC «fc o "T £> £ @ *f fa 2 ft £ ^ 

ft £ itS^THl^fi ^JlT'-S 7 itS 5 nmT*§ C i: fc*BJ§ ^ ftMc ft o fco 

2 fx m<7><%.\$. *&w<r> a foT&sfl^ieiiiffl&te#&vJtt«Tfflv*<bfts 

0 4 iz^-fUtefrMm £ ft£ Wat^vST^^ . * <?> JH li li * £ <^<^3o^jSS^«bftS 
. WT<^mHHTMi#W t ft i: nf ^ c 

[0011] 

MizWLft^ i t-f &mti¥±.^tifr± c & „ :HTf^§[il^ tifcftJgfi)»fHM<?)i 
«t ft^LT^ftl*^ At}- i: ft£ 0 KTl^tM^^i:, HI >gl^T lc tt . fck*. 
gf*| x 8&f£ x # n > CO J: 7 ftffAMjfT t * # x ^ A . - V ^ ^ . ? n A N ^ 'J n > x 
T ^ 5 — ^ A . fit ff . M > . ^* S J *J U . ^ 9 Zs . — ^" 7\ t ') 7*f >\ ? > r A f >\ 
v > . |Bl , 3m*;i, h , 5^ > 9 Jl x -b U > <7> J: 7 ft g^MilT t fr 3h *) , mit^k i X 

*-4Lj&izitmAm. umm%L?i<r>m<r>jML=?i}*mmm=? t L-z&mT-z tztzLmztt 
Lxmmmfr^^m^itmu^ aj t^*^^ d 4v^T?«ffl"?i ftv^ ^<?>n^^ft^<^ 

[itiJlff*)l>. $^lc. m^jST^IftSa^ ttflSIC^ScD [m 2 /s]T^5ft. 
$Ui)J§(T<7>ilgiftialD 0 tm 2 /s] i: ffifC^^ttfb^^ >i ^- Q d t J /mo IK Mfr^gCR. 
iWfigTtluTHT^itTi^ ft §0 

D = D 0 - exp ( — Q D /R T ) 

T co^-ftjc l±S?L0^<7>x> ^ ^ * ft ft L T — Hx lc ff AMj^T^> Q d 

^ft^i/J^$ < . -tft^*>ff AMIST<7> exp (-Qj/RT) fI^A§ < ft •) . ^<^*S^«A 

he ft if fHi^^ff fc*iB]-^it^r. i^ife w^<^ « AMiiT * mm j%=f-iz ma ttfr^- < mm 
ft am is t * mn LtiJ7 ^ . mitrn -^^^-^^k^ & y )^<%z>tztbiz\$^ 

§ ttS L^S^Sv^ i: ti "i" ft v ^ o $ ^ ic^Tlc^^-sm — ii®. mHiig^^^. S« 
ft £ & & W ft <^> ^ S T- <ry m PS m M ( HI >§ /S T <?> m S * * - ft T- li ft v ^ T« ffl 0 ti II ^ ff5 I c 

[0012] 



T lift ftv^ 0 
[0013] 

mitm^ 1 ^*-^Mmm t %fe$uz±fiK LT>-F*t - \z-tz tztbiz it 

nfzdblz tiM LT < 5iB*!I<7>III$gJK^**fc t *.&Ufflmmiz$}M LT t . I* t Jt$S LT 
i: fb^ L tc < i^fr^fT'i>§ o ztitcouTWTlcpL <M^3o *WIIT-I 

¥Wl\$WHt4fo<7> ¥-ffiMMJ± P 0 2 [atra] 7897? § £ <> 3 ^ ft #i JBE p 0 2 ti#B M (tL 

p o2 = e x p ( A G°/RT) 
AG 0 (J/mol) tiiHb^H<7>$Hbiiu Jrifbt^)^ ^X<?> g £ :x * ;u ^-<7>^fb^T-. 

aF elOpb F e jOj 
t^i-t ( a , b li/xJ£#&. x, y tt^@^fb^<7)ffi^:it) . AG°ti 

AG°=b m FexOy - a ^ Fe — ^02 
i:^$tl§„ ^iZ2<7> m [J/mol] 1$ ^ tl ? il <D %H W <?> it¥ & ^ y ; y * >iT*3b%>o 0 5tf| 

So * ^tc^fUig!*^ 2 0 . 9 vol%#t?<7>T«. ltUI^^M^^K^JIttO. 2 
0 9 atm"?*><6 . M x. It Z Z X ±^X^ iz m ^ fi fz 2 0 0 'C <7) ft W- b*Wci\L £ ti * 5 % *n 
£ tc ti. iiHf <7>SHfc!ft/ JBE ft 5 <^> 2 0 0'CT\ fttA a ^<t> 0.209 

J= ») Tic £>*i tig£fb£ iu _htc S>*uigHb£ iift t M&MZ z hX'WZ z t^T'§§. 
13 5 + lfcfl:JfoMO*>¥»»l»JBEtt<«tt ir<^l£fbl*J; »> ^_Ltci!oSo dtit±/S^M**^fcit 

iiTs m^-t zummmxmm t its t tc < u c t -&mm l . ssBMS^atift ^u&tci* 

^iHb"t£o 3 tf> «fc 7 ftJlTtC^fSl. ^UK fa]. M'7y 7i,=5:Jf^?lf b 

ti5. ittc^fb^L O <o ^ » AS «t JBE ft *ft l± Z<nWcfc¥k «k 9 t Ttc£> 9 . ii^iJSf ^ 
t^lcf oTLi? <7>T-^fb££^ x *7-£/£<7>£:#>co|lIvgjf Ttc l$?fmx£>& o C<7)f| 
ft if T tc l± 9 > . ? u — ^- ft £ 5b»# l-f *b ti & . 
[00 14] 

05*CO^5^)!i, -^fb^*<7>^r#<^¥ir«ilJEEffi^T-^^ Ml ( F e 2 0 3 ) 
55 -5 6 4 0 °C Jil T T* ti x mt ttm L T ^« i: fb ^ L tc < T* HI vgj^T t LTffli>5 

[0015] 

IIHilg : HiiftlIltjf<?>TT'<7) ^ ^ x^7-^4% 
ffl'bjt^JKBlCckoT. IS H <7) - o ^ ® /5 it ib* ft <JO ^ ffl tc tb ^ T tc ¥■ < f& M ~t Z> 



<?>_htc^fiK l is n <7> m ft iz tin <n h s ft ft z M7tm%& tc t 5 . mi 
izMftx ^ < jigTii ft. iefb^^rti***) § t ±tuc Hg $ n * m n-t *> § . t^a 

l±«3HtT*>-5o 0 3 \z^-?miz±2 5 0 0 nmWL±.<7>WHk& t t> a ^ * -\z\t>ft coW 

co Jc 7 IC * $ <J0 m ffl & # ^Ift % ^i" «t *t S o ZcoMMllti/ ') 3 > ^ 
iSHcfev^Ttl'bns^s M 1 1¥ L < If ^ <b ft T V* £ V L S ft 4ft IC T $ £ . 3 <7) 31 
g^'^ck^&L < A T g c & <?> fcMi HJJ flg ic £ ft T & „ - ^> ti lc ^ fbl* ^ -r 7,^ — co 
J&£:lz it £ £5fc*n<7>g&#a*#v*. 
[0016] 

x. * ji § o ffl 1*1 <7>Jf ^ SS^J; 0 ?v § VMS if , ^o^fflic jio|S^^)b»fflv^T 

fc* *1Eftffi#BM<7>SJg£7K £: . ^^U=tco^Uco9f^% ^ 4 ^^-com,^^^]^^^ 
tS. 0 6 li^M+lcg^ftfcl*^SffilcT^^)^«i^^^S>gm^ t LTM^^ft 1 
<b 2 ^ >f — ^^TG^JI^tf^fftfcgS^&k:^ Lfc'b 5. S6lc^L 

fcg&#li£*R<?><B;Mffllcffl^ L s fi&li 7 0 0 t^ISLTv^. T^biB)3t§^ M 
SM^&ftLT < § li**tr*JTS^ i: it^~t Z ^ ft *> tc -Sfcft&ifl # * * o 

M L . S*^iBTfl 3<7>&ff|<7>#J£ i: &<7>«)g i: icJ^D x ? h ( F e 0 ) 

f ^ilc^r^^n (FeoOp^LTiiS&^li'ltftffllc^^^h ( F e 2 0 3 ) <?> 
— ;ujg fc*. 06<?>iS^liSlc]Kai$ft § -SHb^Hlc J; 9Sflxltffi<7>8£l?lti 

-^vM h <7>¥MP§J± J= 0 ^f£^ tin ^^^<t>T. v 9 A V ^M^HlcM^tti L 
» * co h\z v r ^ ^ -f N t7 x ^7- ft'^IfS o t7 ^ x ^7- Ufzh^-c: xtmMfrhco 

^mco^miz * *) mmfri±^m < >5r^> ^*^j±^±#titULT. fig^TPiss^ 

ff < o 7c 7c L x 7/^HMi 5 8 0'C T-^S^tt (par amagne t i sm) # <b 

7 x 'j (ferrimagnetism) #=Mi*Mlc * ^> frUfi&mMUfEit L 

. L ^ L ** *b . 3 <^> 3 h* m 3 tc ^ -f ti tc <7> It5 co jc 7 ± $ HI TO flS * ^ Ift % ^ "t /I 

[00 1 7 ] 

Jil± 3 o<?)3Sjgfe*, *^BHM f JIT-1£ 3 ft S ^fbl*^ Zfztb co 

±^>5riIIMT-*> S o Cft ibtf>JKHfc*Sf ^ftTv^fti^t^Jc^^r^vi^fSoT^pff^cO^ 

^Tica^-s z t it^^tm^mfe-? % ^ cox- it ^\ ^ttisn^tc ^ 2 
i) %A$k» z <r>ffl>mz itmz. ism^m h > ^ ^ mofcMco -? u - -y-x-mmj--^ — o 

^Tf#^ft§=k7=5r. i^T ^- ^-T^^ii ») 1 0 0 «b » ^^^7^^^^^^: 

» a t c # t? x ^ B5 * >a & V* T- f# «b ft S 14 S T t # t? o 

2 ) ^SftliJtT 1 0 9 9 . 9 9 9 % WTttf^T, 0. 0 0 Hi%K 

±90 mm% & & ft z $kM9\-cD friXcojcizmm 2 n&m^co ttaj- 1 mfr&z^ 



f i:%^fc't^?*5. 3 n «o <7>b.=? \z ax^is]-e#ti:T-[B]is #^#t? «t <r> s ibj-&# 
3 ) mm=f-*mmit-? o . o o 1 nm%&L±. 1 o mic^jni 

-e<50Sefb^**SJt 5 0"C^b 1 5 0 0 'C^lTfffilSlffiti^-? ? 4 h (F e 2 
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